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Abstract:  We demonstrate high atomic mercury vapor pressure in a kagomé-
style hollow-core photonic crystal fiber at room temperature. After a few days 
of exposure to mercury vapor the fiber is homogeneously filled and the 
optical depth achieved remains constant. With incoherent optical pumping 
from the ground state we achieve an optical depth of 114 at the 63P2 - 63D3 
transition, corresponding to an atomic mercury number density of 6 × 1010 
cm-3. The use of mercury vapor in quasi one-dimensional confinement may 
be advantageous compared to chemically more active alkali vapor, while 
offering strong optical nonlinearities in the ultraviolet region of the optical 
spectrum.  
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1. Introduction  
 
Strong nonlinear optical effects can be obtained at low light levels by confining the optical 
field tightly and using media with very large optical nonlinearities. This may be achieved 
by using the nonlinearity of strong atomic transitions combined with tight transverse 
confinement of light in hollow-core photonic crystal fiber (HC-PCF) [1]. In such a set-up, 
both atoms and light are confined to a core ~20 µm in diameter over essentially an 
unlimited Rayleigh length. The use of hollow-core PCF filled with Hg vapor may provide 
significant nonlinearities at the single photon level, permitting for example single photon 
all-optical switches and near-deterministic phase-gates for single photons with phase-
shifts of order π [2]. Additionally, strong lateral confinement may allow the study of the 
dynamics of quasi one-dimensional photon-gas systems [3,4] and interactions of single 
photon wave packets [5].  
HC-PCF filled with noble or Raman-active gases has been used to enhance many 
different nonlinear effects [6], leading to a new generation of pulse compressors, bright 
ultraviolet light sources and systems for generating Raman frequency combs. When filled 
with alkali vapors, HC-PCF has been used in experiments on electromagnetically induced 
transparency, all-optical switching at low light levels [7,8] and in broad-band single-photon 
memories [9]. Previous experiments with alkali-vapor-filled HC-PCF have used primarily 
rubidium and cesium, which offer high vapor pressure at room temperature and are 
standard species used in laser cooling. Alkali vapors have however a not-well-understood 
tendency to bind with the glass, which makes it difficult to load the fibers and to maintain 
a permanent high vapor pressure inside the core. Reasonable vapor pressures and high 
optical depths have been achieved for short times using light-induced atomic desorption in 
a warm vapor [10], or by filling the core with cold atoms extracted from a magneto-optical  
 Fig. 1.  Experimental set-up. The mercury vapor in the hollow-core PCF is pumped incoherently 
from the side by a mercury vapor lamp (main wavelength 254 nm, with significant contributions 
at 405 nm, 436 nm, and 546 nm), which populates the 63P2 level. The 6
3P2 - 6
3D3 transition is 
probed with frequency-doubled light from a diode laser.  
trap [11-14]. Very recently a HC-PCF filled with cesium vapor has been used to form 
Rydberg atoms [15]. 
 
2. Experimental Scheme  
 
In this work we demonstrate high mercury vapor pressure inside a kagomé-style HC-
PCF (kagomé-PCF) with a core diameter of 18 μm. Kagomé-PCFs guide light by anti-
resonant reflection at the core walls [6] and offer a transmission window several hundred 
nm wide with losses of order 1 dB/m, even in the UV [16]. The fiber was drawn by the 
standard stack-and-draw technique from high-purity commercial silica tubes [1]. This 
multistep technique allows good homogeneity over very long length. Note that no 
particular treatment is done here to modify or enhance the surface roughness of either the 
used tubes or at any further stage of the fabrication process. A sketch of the experimental 
set-up is shown in Fig. 1.  
A scanning electron microscope image of the kagomé-PCF used is shown in the inset of 
Fig. 1. The ends of a 15 cm piece of fiber were mounted inside high vacuum chambers with 
optical access through flanged silica windows. A small drop of mercury (natural isotope 
mixture) was placed in one chamber, which was then evacuated down to ~10−6 mbar. The 
system was kept at room temperature (21°C). 
A 5 cm length of the fiber lay bare between the two vacuum chambers and was used to 
pump the mercury atoms out of the ground state via the 51S0 - 63P1 transition (see Fig. 2). 
This was achieved with incoherent 254 nm light from a low pressure mercury vapor lamp 
(Deconta 25/505-21L), which was focused on to the side of the fiber with an elliptical 
reflector. The intensity of the 254 nm light from the vapor lamp at the fiber was ~50 
mW/cm2, which is similar to the saturation intensity (10 mW/cm2) of the 51S0 - 63P1 
transition. The fiber was uniformly illuminated over its length.  
The vapor lamp additionally emitted light at the 436 nm transition (63P1 - 73S1), which 
caused the long-lived 63P2 level to be populated (see Fig. 2). This was used to probe the 
absorption of the 63P2 - 63D3 transition with frequency doubled light from a diode laser 
system. The system yielded ~1 mW of linearly polarized light at 365 nm wavelength. The  
 Fig. 2. Grotrian diagram of the relevant atomic mercury levels and transitions and the hyperfine 
splitting of the fermionic isotopes of the transition probed in the experiments. The 365 nm 
transition is probed with a laser, while the other depicted transitions are driven incoherently with 
light from a mercury vapor lamp.  
 
light was coupled into the PCF, and the input power attenuated below the saturation 
intensity of 55 mW/cm2 for the subsequent measurements (~30 nW before the input, ~5 
nW after the output, off-resonance, including all losses). 
 
3. Results 
 
A scan over the Doppler-broadened 63P2 - 63D3 transition is shown in Fig. 3. It shows 
several transitions due to the hyperfine splitting of the fermionic isotopes 199Hg and 201Hg 
and contributions from the bosonic isotopes 198Hg, 200Hg, 202Hg, and 204Hg. With the known 
oscillator strengths for the various transitions, the relative abundance of the isotopes [16] 
and Doppler broadening at room temperature, we can model the transmission line shape: 
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û denotes the Voigt profile of the individual hyperfine transitions 
due to the combined homogeneous broadening  and Doppler broadening D , and HFi 
denotes the strengths of the individual hyperfine transitions [17]. In Fig. 3 we show the 
experimental data (red) together with the model (green); they are in excellent agreement. 
The temperature was treated as free parameter in the model, the best fit being at 22°C, 
consistent with the ambient room temperature. A maximum optical depth of 114(8) was 
reached at the transition of the 202Hg isotope. Using the ratio of Doppler and natural 
linewidth  /D  ~ 5.5 we infer an atomic number density of 6 × 10
10 cm−3 in the 63P2 level, 
the total number of Hg atoms optically probed being ~2.4×106. This corresponds to about 
0.1% of the saturated vapor pressure at room temperature of ~4 × 1013 cm−3 [18]. We 
attribute the disparity to incomplete pumping in the present scheme into the 63P2 level,  
 Fig. 3. Transmission spectrum through the PCF at the 63P2 - 6
3D3 transition at 365 nm (red). The 
green line is the Doppler-broadened line profile based on the known position and strength of the 
hyperfine transitions of the involved isotopes 198Hg, 199Hg, 200Hg, 201Hg, 202Hg, and 204Hg (blue 
bars).  
which involves two transitions driven by the incoherent light provided by the mercury 
vapor lamp. 
In experiments with alkali vapors the vapor density along the fiber is usually non-
uniform, most of the atoms residing near the fiber ends due to slow diffusive loading and  
adsorption on the inner core surface. In these experiments one has also to be careful when 
stating an optical depth, as atoms in the cell in front of the fiber ends may also significantly  
contribute to the observed optical depth. A gradient in the number density also complicates 
the realization and description of schemes relying strongly on the local nonlinearity. The 
fact that we prepared the population in the 63P2 level via incoherent pumping along the 
side of the PCF allows us to probe directly how uniform the atomic number density is along 
the fiber length. If the atoms are assumed to be distributed uniformly along the fiber length 
L, we expect the transmitted power to directly scale with the fiber length according to the 
Lambert-Beer law: 
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cross-section (accounting for Doppler broadening) and ρ the atomic number density.  
 
Fig. 4. Maximum optical depth of the mercury filled PCF versus the length of the fiber where 
mercury is pumped into the 63P2 level. 
 
 Fig. 5. Saturation spectroscopy on the (F = 3/2) – (F’ = 5/2) transition of 201Hg. 
By partially covering the exposed fiber length, it is possible to vary the effective length of 
fiber over which the 63P2 level is populated by illumination from the mercury vapor lamp.  
The observed optical depth versus illuminated fiber length is in good agreement with the 
Lambert-Beer law, as can be seen from Fig. 4, indicating a uniform atomic number density 
along the whole fiber length. This result shows that mercury vapor had filled the entire 
fiber uniformly within a few days. Furthermore, the optical depth was found to be constant 
over the span of the experiment (several hours). This may be due either to the side-
illumination technique (which may provide constant light-induced desorption) or to the 
mercury atoms being generally less prone to stick to the fiber surface. In either case, the 
observed constant vapor pressure is an advantage compared to the alkali vapor systems 
previously reported.  
In Fig. 5 we show a Doppler-free scan resulting from saturation absorption spectroscopy of 
the (F = 3/2) - (F' = 5/2) transition of 201Hg. For this, additional to the weak probe beam, a 
counter-propagating pump beam (~300 nW) was coupled into the fiber, derived from the 
same laser, and both were scanned over the Doppler-broadened transition. The Doppler-
free dip was fitted with a Lorentzian function with a full-width-half-maximum of 135(4) 
MHz, which is in agreement with the natural linewidth of the transition of 133 MHz. 
Within the uncertainty of the measurement, there was no apparent transit-time 
broadening of the mercury atoms inside the fiber. 
 
 
4. Conclusion 
 
In conclusion, hollow-core photonic crystal fiber can be diffusively filled with atomic 
mercury vapor at room temperature, equilibrium being reached after a few days of 
exposure to a constant vapor pressure. An optical depth of 114(8) on the 63P2 – 63D3 
transition was measured, the value being limited mainly by incomplete pumping into the 
probed state. A much higher optical depth could be reached if the 51S0 state is probed with 
253 nm light, when all mercury atoms would automatically be initially in the ground state, 
or simply by using a longer fiber.  
The kagomé-PCF system represents a versatile room-temperature fiber-cell with high 
vapor pressure. By splicing and sealing the ends of the mercury-filled PCF to conventional 
fibers, the system could be just as easy to use as a standard all-solid glass optical fiber. 
Long-term investigations on the mercury-glass interactions in fluorescent lamps indicate 
that significant binding of mercury occurs primarily when operating with ignited plasma 
in the lamp, while shelved mercury vapor lamps show only very slow diffusion of mercury 
into the bulk glass [19].  
 Mercury can be laser cooled and has a long-lived clock transition at 265.6 nm [20, 21], 
which may make Hg-filled fibers a useful and robust tool for frequency metrology and a 
good platform for small and stable secondary optical standards. Nonlinear interactions 
might be applied to produce a tunable narrow-band UV-source, e.g., via collinear four-wave 
mixing or by using Hg vapor as an active medium for lasing [18, 22]. 
The quasi-1D confinement of the optical mode in kagomé-PCF can be used to investigate 
strongly interacting photonic quantum fluids. The potentially high optical depth and 
single-photon cooperativity achievable in this system, combined with an optimized PCF 
structure, may allow observation of effects such as photon-crystallization or the optical 
quantum-simulation of Hamiltonians relevant in solid state physics [4]. The transition 
investigated here (for the bosonic isotopes) is a reasonable approximation to a two-level 
system, as is the even stronger 61S0 - 63P1 transition directly from the ground state, which 
may both be suitable for investigating soliton dynamics and self-induced transparency 
phenomena [23–25].  
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